The Use of Density Gradient Centrifugation in a Zonal Centrifuge Rotor
During the Purification of a Pear Virus (Accepted 15 March 1968) Studies on the composition and structure of plant viruses can only be attempted after their purification from infected tissue homogenates. Owing to their intrinsic differences, however, the ease with which different viruses can be purified varies considerably. A few relatively stable viruses, e.g. tobacco mosaic virus or turnip yellow mosaic virus, can be treated with high concentrations of salt and precipitated by acid or alcohol without inactivation. With less stable viruses such methods are usually unsuccessful. The particles of such viruses, however, can be sedimented by ultracentrifugation and procedures developed frequently involve two treatments: (a) differential ceutrifugation and concentration after initial clarification of buffered homogenates such as with organic solvents (Steere, 1956; Tomlinson, Shepherd & Walker, 1959; Wetter, I96O) , (b) further fractionation by rate or equilibrium density gradient ceutrifugation as developed by Brakke (I96O). Because of the small capacity of the swinging-bucket rotor generally employed only relatively small volumes of the partially purified preparations can be fractionated in the gradients.
In this investigation we examined the possibility of reversing the two purification steps above; this being possible by the introduction of the large capacity zonal rotor recently developed by Anderson (I962, I966a, b) . The infectivity of a virus preparation made by a partial purification procedure (Tomlinson et al. 1959) followed, conventionally, by density gradient ceutrifugation in a Spinco swinging bucket rotor (S.W. 25.I) was compared with that of a preparation in which the starting crude homogenate was first fractionated in the Beckman type BIV rotor. The results are preliminary but it was considered desirable to publish them as they may be of interest to others in this field.
The virus (Tomlinson, Smith & Williams, 1968 ) studied was mechanically transmitted from pear corolla to cucumber plants which developed a mosaic disease. Partially purified preparations of the virus made from systemically infected cucumber leaves were fairly stable in vitro and contained polyhedral particles approximately 29o ~ in diameter with a sedimentation coefficient of 112 S.
In this study 2oo g. of infected cucumber tissue was divided equally into two parts and purified in the following two ways:
(t) Density gradient centrifugation in the S. IV. 25.I rotor A partially purified preparation of the virus was made from lOO g. of infected leaves homogenized in 2oo ml. o-5 M-potassium phosphate buffer pH 7"5 containing o-ooI M-sodium EDTA and o.I % thioglycollic acid; n-butanol was added to a final concentration of 8"5 % at 3 ° followed after 45 rain., by centrifugation at 8ooo rev./min. for 3o min. in the No. 3o rotor of a Spinco model L ultracentrifuge. The virus in the supernatant liquid was pelleted by ultracentrifugation at 30,00o rev./min, for I54 Short communications 60 min. in the No. 30 rotor, the virus pellets resuspended in o.oI M-phosphate buffer pH 7"5 (0"5 ml./pellet) and the suspension finally clarified by centrifugation at 5000 rev./min, for 30 rain. The preparation (3 ml.) was layered as I ml. samples on to three linear I o to 40 % (w/v) sucrose columns in o.ot M-phosphate buffer pH 7"5 and centrifuged at 24,000 rev./min. for 90 min. in the S.W. 15.I swinging bucket rotor when most of the infectivity was concentrated in a light-scattering zone zo to 22 ram. beneath the meniscus. To separate the virus from the sucrose, the zones in the three gradients were removed with a syringe and a J-shaped hypodermic needle inserted from the top, made up to 70 ml. (2) Density gradient centrifugation in the BIV zonal rotor Infected cucumber leaves (Ioo g.) were homogenized in zoo ml. o.I M-phosphate buffer, pH 7"5 and clarified by centrifugation at 8ooo rev./min, for 3o rain. in the No. 3o rotor. The supernatant liquid (zoo ml.) was layered on to 15oo ml. of a linear It to 60 % (w]v) sucrose density gradient during rotation of the BIV rotor at 5ooo rev.]min. in a Beckman model L 4 ultracentrifuge. The rotor was accelerated to 3o,ooo rev./min. for 6o min., decelerated to 5too rev./min, for unloading and the sucrose gradient collected after displacement into forty 4o ml. samples after monitoring through a u.v. spectrophotometer.
The ultra-violet absorbency profile of the displaced fractions is shown in Fig. i , together with the relative infectivity of the first 36 samples (o to I, 44o ml.) determined from I ml. samples of each after I/5O dilution in distilled water and inoculation to cucumber seedlings. Most of the infectivity occurred in three 4o ml. samples corresponding to that part of the gradient associated with the first main peak. The presence of the virus mainly in these samples was also confirmed serologically as only these caused a precipitation line when tested against virus antiserum in immunodiffusion tests.
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The three fractions containing the virus were mixed, further purified by butanol and differential centrifugation as described above and the preparation made up to z ml. in o.oI N-phosphate buffer pH 7"5. When assayed on cucumber cotyledons (Table I) The foregoing infectivity tests, made only on the final preparations, indicated that more virus was recovered by the second of the two methods of purification. Possible reasons for this are now being examined. It is well known that the stability of many viruses decreases as the viruses are purified. In the present work it was not determined whether the stability of the pear virus changed as it was purified nor were ways found of increasing its stability. However, the fact that more infectivity is gradually lost with many other viruses in experiments containing several purification steps than in those with fewer steps may be relevant to the above result for fewer steps were involved in the procedure with the zonal rotor. Of possibly greater importance was the initial separation of the virus from more of the non-virus components as a result of both density gradient centrifugation and butanol treatment before the ultracentrifugation of the virus and these effects on the ultimate yield are being further examined.
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